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Abstract 
 The quality of harvested rainwater in Aule area of Akure, South 
western Nigeria was assessed in this study. Water samples were collected 
from 25 rain water storage tanks within the study area and a well was used as 
a control. The water samples were subjected to detailed laboratory analysis 
and the results obtained was compared with World Health Organization 
(WHO) standard for drinking water. The turbidity values ranged from 2.7 to 
9.1 NTU for the harvested rainwater samples while the well water sample 
had a turbidity of 2.3 NTU. The conductivity values for the rainwater 
samples ranged from 101 to 1328 Ωs/cm. The conductivity value was lower 
in the well water (164 Ωs/cm) than in most of the harvested rain water 
samples. The pH of the harvested rainwater ranged from 6.1 to 7.4 with 36 % 
of the water samples having a pH less than the WHO minimum limit of 6.5. 
The pH of the well water sample was 7.4 and was within the WHO 
acceptable limits of 6.5 to 8.5. All the sampled rainwaters and well water had 
bacteria in them. The total bacterial content of the rain water samples ranged 
from 05 to 28 CFU/100 mL, while that of the well was 05 CFU/100 mL. The 
total coliform contents of the rainwater samples ranged from 03 to 18 
CFU/100 mL, while that of the well was 02 CFU/ 100 mL. Based on the 
results obtained from this study, it is recommended that harvested rainwater 
be treated to kill contaminating microorganisms and to reduce the health 
risks associated with its consumption.  
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Introduction 
 Water is identified as one of the most important natural resources 
because it is viewed as a key to prosperity and wealth (Arbués et al., 2003). 
Increase in human population has exerted an enormous pressure on the 
provision of safe drinking water especially in developing countries (Umeh et 
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al., 2005). Freshwater quality and availability remain one of the most critical 
environmental and sustainability issues of the twenty-first century (UNEP, 
2002). Unsafe water is a global public health threat, placing persons at risk 
for a host of diarrheal and other diseases as well as chemical intoxication 
(Hughes and Koplan, 2005). Unsanitary water particularly has devastating 
effects on young children in the developing world. Each year, more than 2 
million persons, mostly children less than 5 years of age, die of diarrheal 
disease (Kosek et al., 2003; Parashar et al., 2003). Nearly 90% of diarrheal-
related deaths have been attributed to unsafe or inadequate water supplies 
and sanitation conditions affecting a large part of the world’s population 
(WHO, 2004; Hughes and Koplan, 2005). An estimated 1.1 billion persons 
(one sixth of the world’s population) lack access to clean water and 2.6 
billion to adequate sanitation (WHO, 2005; Hughes and Koplan, 2005). The 
sources of water supply in most parts of developing countries areas include 
conventional communal sources and self-supply sources.  
 Conformation of potable water with water quality standards is of 
special interest because of the capacity of water to spread diseases within a 
large population. Although the standards vary from place to place, the 
objective anywhere is to reduce the possibility of spreading water-borne 
disease in addition to being pleasant to drink, which implies that it must be 
wholesome and palatable in all respects (Edema et al., 2001; Okonko et al., 
2008). A collaborative, interdisciplinary effort to ensure global access to safe 
water, basic sanitation, and improved hygiene is the foundation for ending 
cycle of poverty and diseases (Hughes and Koplan, 2005). 
 Well water is the main source of water in Akure, Ondo state as 
surface water is not reachable in most communities. However, well water is 
not easily accessible in some areas of Akure due to the rocky nature of the 
soil. The prospects of drilling bore hole for some residents of such areas is a 
mission that seems impossible to achieve. As a result, they result to rainwater 
harvesting to meet some of their water needs especially during seasons of 
high rainfall. . In the past, it was believed that rainwater was pure and could 
be consumed without pre-treatment. While this may be true in some areas 
that are relatively unpolluted, rainwater collected in many locations contains 
impurities. In the last three decades, “acid rain” has affected the quality of 
the collected water, to the point where it now usually requires treatment. 
Good quality drinking water should be free from disease-causing organisms 
and harmful chemical. Common health concerns for rainwater quality in 
developing countries are related to bacteria, particularly e-coli and to 
aesthetic properties, such as colour, taste, smell and hardness (Zhu, 2004).  
The aim of this study is to assess the quality of harvested rainwater in Aule 
area of Akure. 
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Methodology 
 The study was carried out in Aule in Akure. Akure is the capital of 
Ondo state, which is located in the South-western part of Nigeria. Akure lies 
on latitude 7o 15ʹ North of the Equator and on longitude 5o 15ʹ east of the 
Greenwich meridian. Water samples were collected from 25 rain water 
storage tanks within the study area. A sample was also collected from a well 
to serve as control. Plate 1 shows a typical rain water harvesting system in 
the study area. 
 
Plate 1: A typical rain water harvesting system in the study area. 
 
 All the collected samples were taken to the laboratory within two 
hours of collection and refrigerated at 4°C in the laboratory till the analysis 
was carried out. Great care was taken to ensure the integrity of the samples. 
Various physio-chemical and bacteriological analysis were carried out on the 
water samples as described in APHA (2005). 
 
Results and discussion 
 The results revealed that most of the samples had high concentrations 
of the physico-chemical and bacteriological parameters analyzed; often 
above the guideline values sourced from the WHO. 
 
Temperature  
 The temperature of any water body affects the rate of proliferation of 
microorganisms (Pelczar et al., 2005). The temperature range of the samples 
rain water was 25.2 to 28.6 oC while the temperature of the well water 
sample was 27.8oC. Figure 1 shows the temperature of the sampled waters. 
Although the temperature fell within WHO permissible limit of 23 to 40 oC, 
the temperature recorded could be said to be suitable for the growth of 
heterotrophic bacterial species when present in the sample. It is also well 
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known that temperature and ionic compositions of water significantly affects 
the electrical conductivity of water. 
 
Figure 1: Temperature of water samples 
 
Turbidity 
 The turbidity values ranged from 2.7 to 9.1 NTU for the harvested 
rainwater samples while the well water sample had a turbidity of 2.3 NTU. 
Approximately 90% of all the harvested rainwater samples collected in this 
study had turbidity values above WHO threshold. Turbidity of water is 
caused mainly by the presence of suspended matter, such as clay, silt, 
colloidal organic particles, plankton and other microscopic organisms that 
obstruct light transmission through water bodies (WHO, 2011). These 
colloidal materials provide adsorption sites for chemicals that may be 
harmful to health or cause undesirable tastes or odours (Adekunle et al., 
2007). Increased levels of turbidity can impart an aesthetically displeasing 
appearance to water, and the materials that cause turbidity can provide 
adsorption sites for many contaminants. The materials can also allow 
adsorption of microorganisms, which protect the water from the effects of 
disinfection and can stimulate bacterial growth (WHO, 2004). In recognition 
of these factors and consumer acceptability, the WHO suggested that 
turbidity of potable water supplies should be at least less than five NTU. 
Figure 2 shows a graphical representation of the turbidity of the water 
samples. 
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Figure 2:    Turbidity of water samples 
 
Conductivity 
 Conductivity indicates the presence of dissolved solids and 
contaminants especially electrolytes confirmed by the presence of cations in 
water. The conductivity values for the rainwater samples ranged from 101 to 
1328 Ωs/cm. Figure 3 shows the conductivity values of the sampled water. 
The conductivity value was lower in the well water (164 Ωs/cm) than in 
most of the harvested rain water samples which suggests that the mobility of 
dissolved ions is more in rain waters than in the well water. 40 % of the 
harvested rainwater samples exceeded the WHO limit of 1000 Ωs/cm. This 
variation could not be accounted for but other physical properties of the 
waters which were not studied such as viscosity may be responsible. This 
assertion is not with certainty until further studies are carried out. 
 
Figure 3: Conductivity of water sample pH 
0
2
4
6
8
10
RW
1
RW
2
RW
3
RW
4
RW
5
RW
6
RW
7
RW
8
RW
9
RW
10
RW
11
RW
12
RW
13
RW
14
RW
15
RW
16
RW
17
RW
18
RW
19
RW
20
RW
21
RW
22
RW
23
RW
24
RW
25
W
EL
L
Tu
rb
id
ity
 (m
g/
L)
 
Rainwater Samples 
Turbidity 
Turbidity (NTU) WHO Guideline
0
200
400
600
800
1000
1200
1400
RW
1
RW
2
RW
3
RW
4
RW
5
RW
6
RW
7
RW
8
RW
9
RW
10
RW
11
RW
12
RW
13
RW
14
RW
15
RW
16
RW
17
RW
18
RW
19
RW
20
RW
21
RW
22
RW
23
RW
24
RW
25
W
EL
LCo
nd
uc
tiv
ity
 (Ω
s/
cm
) 
Water Samples 
Conductivity 
Conductivity (Ωs/cm) WHO Guideline (Ωs/cm) 
European Scientific Journal April 2016 edition vol.12, No.11  ISSN: 1857 – 7881 (Print)  e - ISSN 1857- 7431 
456 
 The pH of the harvested rainwater ranged from 6.1 to 7.4 with 36 % 
of the water samples having a pH of less than the WHO minimum limit of 
6.5. The pH of the well water sample was 7.4 and was within the WHO 
acceptable limits of 6.5 to 8.5. pH is regarded as one of the most important 
indices of water quality because it influences chemical transformations and 
biological activities in the water. Absolutely neutral precipitation would have 
a pH of 7. However presumed that pure water is in equilibrium with global 
atmospheric CO2 and yield the natural acidity to the rain water with pH 5.6. 
This pH value 5.6 has been taken as the demarcation line for acidic 
precipitation. The lower mean pH values can be attributed to wet 
atmospheric deposition of CO2, SO2 and NO2 produced by vehicular 
emissions including the slash and burn method of land preparation for 
farming in the study communities. Kohler et al. (1997) in their study of the 
contribution of aircraft emission to atmospheric nitrogen content indicates 
that rainwater acquires slight acidity as it dissolves CO2 and NO2 gases in the 
atmosphere. On its own, however, pH has no direct effect on human or 
animal health, but because it is so closely associated with other chemical 
constituents of water, it is often regarded as having an indirect effect on 
health (WHO, 2011). It is evident that many chemical parameters generating 
extreme values of pH (i.e. either strong acids or bases) would impact 
frequently on human health (Ma et al., 2005). Figure 4 shows a graphical 
representation of the pH. 
 
Figure 4: pH of water samples. 
 
Total Dissolved Solids 
 The values for total dissolved solids ranged from 152 to 1689 mg/L 
for the harvested rainwater samples with 68% of the rainwater samples 
exceeding the WHO limit of 500 mg/L. The dissolved solids in the well 
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water fell within WHO limit with a value of 326 mg/L. Figure 5 shows the 
dissolved solids of the water samples. 
 
Figure 5: Dissolved Solids of Water Samples 
 
Total hardness of water samples 
 The rainwater samples had a total hardness range of 152 to 1868 
mg/L while the total hardness of the well water sample was 264 mg/L. The 
results also show that 84% of the rainwater samples had pH that exceeded 
the WHO limit of 500 mg/L. According to WHO (2006) domestic water with 
total hardness above 500 mg/L is not recommended due to potential scale 
formation. According to Krishna (2003), Zero hardness of rainwater helps 
prevent scale formation on appliances. However, there is some indication 
that very soft water may have adverse effect on mineral balance (Appiah, 
2008). Figure 6 shows a graphical illustration of the Total hardness of the 
water samples. 
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Figure 6: Total Hardness of water samples 
 
Nitrate 
 The nitrate values for the harvested rain water ranged from 0.08 to 
0.45 mg/L. While the well water had nitrate value of 0.26 mg/L. All the 
sampled water had nitrate values that fell within WHO acceptable limits of 
50 mg/L. High concentration of nitrate above 50 mg/L in drinking water is 
deleterious especially to babies due to the formation of methmoglobinamea 
(WHO, 2006). Figure 7 shows the nitrate values of the sampled waters. The 
presence of nitrates in a water sample could be due to inorganic fertilizers, 
plants and animal decomposition and wastes which may have percolated the 
soils over time (Ademoroti, 1995). 
 
 
Figure 7: Nitrate values of water samples 
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Chloride 
 The chloride values of the rain water water samples ranged from 3.5 
to 48.2 mg/L while the well water had a pH of 2.8 mg/L. The chloride values 
obtained fell within WHO maximum permissible limit of 250 mg/L. Figure 8 
shows the chloride values of the water samples. The salty taste of some water 
is due to the presence of chlorides in the form of sodium chloride, exceeding 
250mg/L of chlorides. 
 
Figure 8: Chloride of water samples. 
 
Bacteriological Content of water samples 
 All the sampled rainwaters and well water had total bacterial and 
coliforms and which were probably from the environmental sources and 
were most likely introduced into the water through the collection and storage 
process. However the bacterial present were mostly non-faecal in origin. The 
total bacterial content of the rain water samples ranged from 05 to 28 
CFU/100mLwhile that of the well was 05 CFU/100mL. The total coliform 
contents of the rainwater samples ranged from 03 to 18 CFU/100mL, while 
that of the well was 02 CFU/100mL. WHO (2011) specified that potable 
drinking water should be devoid of total coliform in any given sample. 
Rainwater samples with high bacterial count also had high total coliform 
count and e-coli count. The Escherichia coli count of the rainwater samples 
ranged from zero to 11 CFU/100mL, while 28% of the rainwater samples 
had zero e-coli count. The well water had no e-coli present. Results of the 
bacteriological analysis obtained in this study is similar to that of Rogbesan 
et al. (2002) who also obtained bacterial content outside the range allowed 
by WHO. Figure 9 shows a graphical illustration of the results obtained from 
the bacteriological analysis.  
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Figure 9: Bacteriological content of water samples.CONCLUSION 
 
 This study revealed that all the sampled rainwaters and well water 
had physio-chemical and bacteriological contamination, which were 
introduced into the water through the collection and storage process. This 
implies that all the rainwater samples are not fit for human consumption 
without appropriate treatment. The rainwater harvesting system should be 
clean and hygienic in order to promote safety of the water. Generally, the 
results of this study are indicative of high pollution of the water samples and 
require caution in the use of the water. Regular tests should be carried out on 
rainwater samples in order to ascertain its suitability for potable use. Based 
on the result of the analysis, it is recommended that harvested rainwater be 
adequately treated to disinfect contaminating microorganisms and to reduce 
the health risks associated with its consumption.   
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